A simple and rapid filter radioimmunoassay method can be used to serotype meningococcal strains on a large scale. The technique consists of simultaneous inoculation of 96 strains on nitrocellulose filters. The resulting colonies can be processed in situ, by extraction and fixation, incubation with antibodies and 1251-labeled protein A, and, finally, autoradiography. Processing many filters simultaneously, one person can serotype thousands of meningococci in a week. Multiple filters with identical strain patterns can be stored after the fixation step for future screening. The use of monoclonal antibodies is essential; polyclonal antisera, even after extensive absorption, were not specific in this assay. When results from filter radioimmunoassay and Ouchterlony microprecipitation were compared for the serotyping of 201 Neisseria meningitidis strains for serotypes 2a and 2b, filter radioimmunoassay was sufficiently sensitive and specific to be useful in mass screening.
In addition to serogrouping on the basis of capsular polysaccharides, serotyping based on outer membrane proteins (OMPs) supplies useful information about the spread of virulent meningococcal strains (7, 9) . Among the 15 serotypes described by Frasch (4) , serotype 2 has been found frequently among isolates from patients with meningococcal disease but infrequently among isolates from carriers, indicating an association with virulence (1, 3, 4, 7, 9, 11, 12, 16) . Serotype 2 has been subdivided into three subtypes: 2a, 2b, and 2c, which appear to have different distributions among the serogroups (16) .
Current serotyping systems are complicated by the involvement of different molecules (different OMPs, lipopolysaccharides), some of which are highly variable (13, 15, 17, 19) . To overcome these problems, Frasch et al. recently proposed a new nomenclature for designation of serotypes (C. E. Frasch, W. D. Zollinger, and J. T. Poolman, submitted for publication) based on the recognition of five classes of OMPs which differ in molecular weight and in degree of variability. The principal protein serotypes, including classes 2 and 3 OMPs (molecular weights, 37,000 to 39,000 and 40,000 to 42,000, respectively), that are stably expressed by the meningococcus are those most suitable for use in epidemiological studies. To conform with this classification, serotyping results obtained in the past must be reevaluated to confirm the typing and to permit comparison with other studies. A method for large-scale serotyping, using wellcharacterized antisera, is very helpful-not only for retrospective screening of collections of meningococci for the presence of the now well-characterized serotypes, but also for establishing the occurrence of newly identified serotypes in the future.
Most of the serotyping methods in common use are laborious and not suitable for testing large numbers of strains (2, 5, 6, 8, 12, 19 clearly visible colonies in a pattern identical to that of the master microtiter plate, were then lifted from the agar and air dried. To determine the sensitivity and specificity of the FRIA by using monoclonal antibodies, Ouchterlony microprecipitation was used as a reference based on the criterion of immunological identity. A total of 201 strains had been tested by Ouchterlony microprecipitation. These same strains were tested blind in the FRIA, distributed among the nearly 3,500 meningococcal strains being screened. The typing results were then extracted for comparison with the microprecipitation results for detection of both serotypes.
The comparisons are summarized in Tables 1 and 2 . FRIA failed to detect one serotype 2a strain that was positive in immunoprecipitation, but all of the other 200 strains were typed the same by both methods. Monoclonal anti-2b gave more discrepancies with immunoprecipitation (Table 2) : 3 of 155 (1.9%) were false-positive, and 5 of 46 (10.9%) were false-negative. Variability in growth did not influence the typing results. Just-visible growth appeared to be adequate for serotyping. DISCUSSION For a reference laboratory such as ours, the development of a serotyping technique that allows the screening of thousands of meningococci is desirable for evaluating the distribution of serotypes over periods of many years. The FRIA technique described in this article overcomes the problem of handling each strain individually, as is necessary in other serotyping methods (2, 5, 6, 8, 12, 19) . Each stage of the FRIA procedure (growth, fixation, exposure of the serotype antigens, reaction with antibodies, and labeling of the bound antibodies) is done simultaneously for 96 strains on one nitrocellulose filter. By simultaneously processing many filters, it is indeed possible for one person to serotype thousands of meningococcal strains within a week. Because multiple filters with identical bacterial patterns can be stored after the fixation step, large collections of strains can be kept for future screening for the presence of yet unknown antigens as soon as monoclonal antibodies are available. In view of the recently proposed revision of classification (Frasch et al., submitted for publication), this is of special importance for retrospective study of newly defined serotypes.
The low degree of specificity displayed by extensively absorbed polyclonal antisera in FRIA might be due to exposure of cross-reactive immunodeterminants by the fixation and extraction procedure. Agglutination techniques may avert such undesirable cross-reactions since they leave the outer membrane of the bacteria intact; in the case of immunoprecipitation, isolated outer membranes are used as antigens. We concluded that both the anti-2a and the anti-2b polyclonal antisera employed in this study were inadequate for the FRIA method. However, this problem of nonspecificity was overcome by the use of monoclonal antibodies.
In this study, FRIA was compared with immunoprecipitation as a reference, using the criterion of immunological identity (16) . The FRIA results with anti-2a were excellent (no false-positive and one false-negative reaction). The results with anti-2b showed higher failure rates (1.9% falsepositive, 10 .9% false-negative), but they were still acceptable for mass screening purposes. This might indicate that the immunodeterminant recognized by the monoclonal anti2b had been modified by the FRIA procedure in a few cases. Perhaps other monoclonal antibodies against serotype 2b could be selected to give a high level of specificity and sensitivity, as did the anti-2a.
The discrepancies between the polyclonal antisera and monoclonal antibodies revealed in the FRIA again emphasize the need for characterization and standardization of the antisera used in serotyping.
In conclusion, the FRIA technique described in this article is a method very suitable for large-scale (OMP) serotyping of meningococci, using monoclonal antibodies. The method is relatively simple, reproducible, and economical with respect to antibodies, and yields specific and clearly visible results. The results for more than 3,000 meningococcal strains typed by monoclonal anti-2a and anti-2b will be described elsewhere (S. de Marie, J. T. Poolman, P. Bol, L. Spanjaard, and H. C. Zanen, submitted for publication).
